1963). On the basis of the latter findings, it is becoming more and more apparent that deviations from the normal karyotype in tumor cells are probably associated with tumor progression rather than causation of neoplasia. Evidence for the above views has been discussed by several authors (Levan, 1959; Bayreuther, 1960; Hauschka, 196 
1).
Most experimental tumors whose karyotype has been studied so far were either radiation. chemical, or virus-induced and all these carcinogenic agents have been shown to be capable of producing alterations in chromosome number and form (Ford and Mole, 1959; Hellstr6m, 1959; Hellstr6m, Hellstrom and Sjogren, 1962) . With the discovery that plastic, a rather inert material, could act as a carcinogenic agent (Oppenheimer, Oppenheimer and Stout, 1952) , several investigators became interested in this intriguing tumorigenic process (Goldhaber, 1961;  Bates and Prehn, 1965) . In this situation, neoplastic change is induced by a substance that virtually has no chemical activity or toxic properties (Oppenheimer et al, 1955 ; Vasiliev et al, 1962) .
In view of the above findings, a study of the karyotype of tumors induced by plastic appeared to be of much interest and the present paper reports the chromosome constitution of 20 such tumors.
MATERIALS AND METHODS
BALB/c mice of both sexes, 1-3 months old, obtained either from the main National Institutes of Health breeding colony or Cumberland View Farms, were used. Polyethylene discs, 0*015 inches in thickness and 2-0 centimeters in diameter were implanted underneath the skin on the left side of the backs of the mice.
A small incision in the skin at the site of the implanation was made under ether anesthesia and each disc inserted through the slit-like opening. Before insertion, the discs were treated in 70% ethyl alcohol followed by rinsing in 0*85 % sterile saline. The opening in the skin was closed by wound clips and in some cases, for younger animals, 3 5 % celloidin was used.
The first tumors began to appear at the site of the implant 7 months after the operation. Animals were killed by cervical dislocation and tumors of varying sizes were collected, one tumor per mouse. One hour before killing the animals received 0-2 ml. of 0.5% colchicine by intraperitoneal injection. Following the removal of the tumors, their length, width and depth were measured in millimeters. The product of the 3 dimensions of each tumor has been expressed as the " relative size" (Table I ). The plastic discs from all the tumors were recovered intact. Part of the tumor tissue was fixed for histologic examination and the remaining portion used for chromosome analysis. Tumor tissues fixed for histologic study were prepared according to the usual paraffin-embedding schedule and the sections were stained with hematoxylin and eosin. Portions of tumor saved for chromosome preparation were minced into small cubes and treated in distilled water for 15-20 minutes. After the hypotonic treatment, tissue cubes were fixed in 50°/ acetic acid, squashed and stained with aceto-orcein. Samples of spleen tissue obtained from the tumor bearing animals, also handled in the same way, were used for chromosome analysis of the non-tumor tissue.
Tumor bearing mice used in this study were part of another experiment by one of the authors and these results are published in a separate paper (Bates and Klein, 1966) .
RESULTS
A total of 26 tumors was collected and 20 were examined for chromosome analysis while the remaining 6 were discarded because of the lack of adequate number of metaphase figures. The neoplastic nature of each tumor was determined by histologic examination. All the tumors were sarcomas, composed primarily of spindle shaped cells. The more pleomorphic tumors contained large cells with big hyperchromatic nuclei and many of the latter cells also had multiple nuclei. The amount of collagen found within the tumor tissues varied from being scant in some cases to abundant in others. 2) and 58% of the cells in sarcoma 9 were characterized by an unpaired, large telocentric element (Fig. 3) . In addition to the above tumors, m-chromosomes were also observed in an appreciable number of cells in tumors 8, 10,18 and 20.
Histologically there was a considerable amount of heterogeneity among the 20 tumors particularly with regard to their degree of pleomorphism. However, an interesting relationship between relative size of the sarcomas and the degree of pleomorphism was quite clearly visible (Table I) . Relatively small tumors were noticeably more pleomorphic as compared to the large sarcomas (Fig. 4  and 5) .
In view of the .above relationship, the sarcomas were arbitrarily divided into two size groups, those with a relative size of 800 or less, as small, and tumors with a relative size of more than 800 were considered as large. Data on the chromosome number of the tumors of each size group were pooled and plotted on two separate histograms ( Fig. 6 and 7) . Tumors of the small, relative-size group showed two distinct peaks, one at the diploid and near diploid chromosome numbers and another at tetraploid and above tetraploid region. Besides, in this group 39% of the cells contained chromosome numbers ranging from 50 to tetraploid and above tetraploid whereas in the tumors of the large size group the same range comprised only 12% of the cells. Furthermore, the small tumors also contained a wide spectrum of intermediate variables with chromosome numbers between 50 and 79 and the same spectrum of intermediate variables (50 to 79) was noticeably decreased in the large tumors ( Fig. 6 and 7) . However, in the tumors of the large size group, while the peaks at the tetraploid and above tetraploid regions were greatly reduced, the peaks at the diploid and near diploid regions remained distinct and well maintained ( Fig. 6 and 7) .
Almost all the cells of the splenic tissues contained the diploid number of 40 chromosomes (Table I) (Hauschka, 1961) . Although diploid and slightly above diploid modal chromosome numbers were seen in some tumors, in all instances the stem-line chromosome number was obscured by the presence of a wide range of variables.
Since these tumors are induced by materials which are essentially chemically inert (Oppenheimer, et al, 1952 ; Vasiliev et al, 1962) , alterations in chromosome number and structure in the plastic induced sarcoma cells deserve some attention with regard to a possible mechanism for the origin of such karyotypic abnormalities. Inadequate supply of oxygen and nutrients, constant contact of the cells with a foreign object and isolation of the cells from humoral growth control by the host have been suggested to be the important changes that occur in the tissue (Vasiliev et al, 1962; Alexander and Horning, 1959) . The above environmental changes make the situation somewhat comparable to a tissue culture system. In tissue culture of mouse embryonic cells, Levan and Biesele observed that a wide variety of karyotypic abnormalities occur during early stages of the culture and subsequently an adaptive stem-line karyotype may evolve (Levan and Biesele, 1958) . Two main selective pressures altered nutrition and absence of host factors-probably underlie these karyotypic readjustments. In addition, an altered oxygen supply itself has been reported to cause a derangement of the mitotic mechanism and this may lead to various chromosomal changes in the daughter cells (Gavaudan, 1956) . Since the sarcomas apparently arise in an area of hyalinized avascular fibrous tissue (Oppenheimer et al, 1958) , the wide variety of chromosomal rearrangements observed during this study may not be unexpected. Several processes that may lead to chromosomal aberrations are known, e.g., endomitosis, non-disjunction and chromatid breaks (Levan, 1956) . In addition to the heteroploid chromosome numbers, minute chromosomes (m-chromosomes), sub-metacentric and metacentric chromosomes observed during the present study indicate the occurrence of chromosome breaks and rearrangements.
A casual relationship between the chromosomal abnormalities and formation of tumors is uncertain. The inconsistency of the karyotype of the different tumors together with the absence of a well defined stem-line in any individual neoplasm tend to indicate that karyotypic alterations and the formation of tumors are two independent events. This view finds support in the observation that chromosomal changes produced by ionizing radiation may persist in man and mice for long periods without the development of tumors (Nowell, Hungerford and Cole, 1964) . However, the wide range of heteroploid variations could provide a selective advantage to the tumor cells in a changing environment. The high degree of pleomorphism observed in the small tumors, followed by the noticeably low pleomorphic nature of the large tumors, suggests a change in the tumor environment reaching towards stability. Although the chromosomal constitution of individual sarcomas was inconsistent, the pooled data of the tumors of the small and large size groups revealed some interesting patterns. In addition to the large fraction of cells with diploid and near diploid chromosome numbers, 
SUMMARY
Chromosome constitution of primary sarcomas of different sizes induced by plastic film was analyzed. In general, the 20 tumors studied were highly heteroploid, and chromosome numbers were distributed over a wide range extending from hypodiploid to hypertetraploid cells. Apparent diploid or near diploid modal chromosome numbers were observed in occasional tumors. In addition to numerical variations, structural aberrations of the chromosomes were also quite frequent in many tumors. Histologically, the sarcomas were highly heteromorphic, relatively small tumors being more pleomorphic than the larger neoplasm. Comparison of the pooled data on the chromosome constitution of relatively small and relatively large tumors revealed that the high degree of variability in the former was noticeably decreased in the latter. There appeared to be a tendency toward establishment of a stem-line(s) in the large tumors. Significance of karyotypic abnormalities in the sarcoma cells providing a selective advantage during tumor progression is discussed.
